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Formations of the individual columns are separated by fauits of large displacements. Age data are
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(as well as most of the ages) from columa to column are speculative and subject to modification
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MERRIMACK GPOUP (PRE-MIDILE OPI~)NLCIAN)--Massive-splitting to
very friadle sedlum-li:ht-gray to dark-gray phyliites, which
cange cozposiclonally from thase almost whnlly of muscovite
and quarctz to those {n which the dominant minerals--o%hecr
than quarcz--are biocize ard/or carbonate; slhice fa a
cooutituent of some. Pyrite is aparse to abundaazc. The

nonfriable rocks waather pale brown to dark yellowish

orange, and {n all the phyllites rust-encrusted joinc and

. fracture surfaces sre characteristic-

2, fe

Mataeandalones {g Seabrook--Cray, micaceous quar:x-fdd;pl:.
“schists (metamorphoeed feldapathic sandstona in which

compositional layeriog Is relict). Llocally includee

sillizanice. s(utéely yyrttic'bu: very rus‘.x, weachering
. - c T

Fl s,

Azphibolite at mauch of Merrimack R‘.vtr-‘usaivs, dark-gray to

olive-black very flae gratned, pyritle acphibolite (mecabasait?).

Folistion poorly devaeloped. Rock is composed moetly ‘of
hornhlende and derived chlorite and fncludes lictcle plagloclage;
some vith 10 perceat or more of plagioclasa also containa

" inclustonriddled oligoclaae(?) laths suggestive of relict

microphenocrysta. Distribution shown is wholly speculative

.
METAMORPHIC ROCKS ENGULFED IN smx.g.;;ss 2040 DIORITE (?AL:OZOIC‘!
[+:3 PRE.CAHBK!A.‘H)-—MauLve-lay:ttcd rocks tanging from fine-
graiced aephuo}:t:es .:a coarse~grained felﬁspulitc gnefsses.
In many places diatinguished ;mly wvith difficuley from the
diorites pervasivaly intrueive 1iaco thee. Locally facludes
calc-ellicaze or ﬂne-gntncd masble lenses and pyritic
Lornfels derived, respactively, from srgillaceoue or
charzty dalo-}.zes and anasrobic muds; thia quatézi:a leases

acte aparae

TOPSTIELD GRANODIORITE (PRECA.‘(BK!M&?)--mdh?- to cparse-grained
grancdiorite, composed of grayish-orange-pink feldspar,
translucent light-gray quartz, guyish-yciiou-.xun
epidoce ead dark-greentish-gray to greealsh-black aggragates
of chlorite aand ezidote. In this aree the Topsffield nr‘oly

lacks foliation chat is a coasequence of vidaspresd .

cltaelals&ts. This touuim. is defined by lencicular

aggregates of quartz, which with the conspicuously orangish
and mora nearly equtdtmmional fcld:par greins, eppear in
coatrast cto :'\c wupy to itregularly splocchy greenish
sacrix, darkly tinced by cha luticl ninerals.. Aﬂ:g lacter,
altered presumably from hormblende and biotice, ere sparse
in chia section, end are cegescopicsily apparesc out

of proportion to their volume. Ia little-foliaced rock

leafy cklorite speckles frashly brokea surfsses but zay be

inconepicuous on ufathnxed eucfecen. In che foitaced
grenodiorite pociutu- frldsptr is alaost everywvhere abseat,
apparencly obuunud by cacaclasis; though fractured

and cmoaly :hotnughly sc:tct:lud the plagloclase shovs

the least obliteracion of orlgtﬂcl grain outlines. In many

localities a bluish cast typifies tha quartz leases, which

sce aotably coarsar than the plagloclase relicts; furthermore
the quertz content {s generslly too high--locsily in excese

of 40 percenc-—co be representative of tha original

plutonic rock
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DUSCRIPTION OF MAP UNITS

] DTRAP DIRZS (TRIASSIC?)--Dark-gray to datk-greenich gray, fine tint, are sediua- to finc-grained, and include both

<

— grained mafic rocks, mostly {n dikes too small o de hornblende c:z:: bivtite, buthe={n contraat to diotitec of
shown except By symbol. Principal variety le altered the norsal rock--dullud by chlorledization. Wwhere ghosted
olivine diabasc, subophitic to intergranular in texcure. outlinus of x«noliths are not apparent the more rific parts
In a luss abundant varicty the pclaacy mafie minecal is of these contamiunated zoner, in places tena of metres in
hombﬁndc. Pyrite spatsc to abundant width, are difffcult to distinguiah. from the 'ugl\'tc.r-colorrd,

FECIURY VOLCANIC COMPLIX (PEVONIAN? AND STLURTAN) coirser parts of the Sharpers Pond Diorite V
Dini Micrographic rhayclite inzrusions——Brownish-gray te otnngeo . . E SIL\RPNERS POND DIORITE (ainb:.az PMEDZO!C);?Ini-grazne%i',

— " piok, aphanitic to suzary-testured massive felafce, - ‘madium= to.dark-gray, bioctteshornblende diorice; a thin
characterized by micrographic and spherulitic &zcuiw&h:; . - grayish-orsnge-pink ‘b;;&;ﬁi}'in: tind chiracterizes many
sphetulizes megascopically visible ia some outcrops : Wte?o:p’s; ‘Quartz content ;wi:o_ vaziable: quatt: is

“p_s:- Po:ph*riti:' azdesite umber-?rap}lt:t:nd grayish-green to “iﬂ‘y‘““‘“" comaonly 1s 2-¥ pir‘cknt, aad 1o, some nrcu

4 dark gray sndesite, typified by plagloclase phemocrysts. vety loc2Ily exceeds 15 percent. Where diaorite occurs as
Nonlu::.qued voleaniclastic layers, ranging fron fine- intrusion dreccias in combinatioh vith metamorphia host
grained tuffs to boulder breccias, are much more volusineus rocks, ic may b‘. tgheer 1n color than sual and 1s
thaa Luurcul,ud 'ﬂ.ov-; cz}a:if‘ied grayvacke is subordinate. streakad vith feldspathic veins or appesrs Eolh’t‘t"&:'-wl_ng
Sparsely fossiufer.ou-. Conglomerate c"on:a!.:'.in;. rhyolite eicher to £lov-bandiag or co relice, folllltion of partially
pabbles derived from DSar showa by line of dots. 1,650 = assinilated echists. These breccias may be difficulty
chick ’ distinguishable from the "sonfoliated”—-gs opposed to

' i “stroaxed”--1light~colored breccias formed whete the diorize
DSar :' Flow-banded rhyblite vicrophyre member—-Dense, ntﬁoidal vias in twin inflated by Plﬁ;‘i quares: wohzoaice

- vitrophrre, mostly grayish réd snd conspicuously Iailmctd; ad .- . ) R S . .
large parcs noé porphyritic; includes sparse leuses of Pink quartz monzonite ‘and W'"i Pond 'M:u“ undivided,
vicric cuff; locally-bassl 120 @ is puniceous tuff. S$80- vhate complotely covered by unconsolidated macerialy
670 w thick - : ) . . KTWBURYPORT QUARTZ DIORITE (MIDDLE ORDOVICIAN)—Fofrmazion 1a

—53:; Basalt(?) meuber--Dense, tough, dark gray, structureless rock. chamacterized by ‘"“'“fuud tedenins ax canapisuas

—— 0-90 = chick ) blocky crystals, thick books of chieritized biotite thac

_ . are ia part obviously euhedral, pink to green sottling on

Dsal | Vieric thyolite lapilll tuff wember—Grayish-greea, friable, - veathered surfaces, sad ovoid inclusions :hqé"nn,
backly fracturing tuff, in which flattened pumice fragrencs qn;falogktn; and uxcui'ii-ly itgm;'te che host ﬁnt
are abundan: in shard-rich matrix. 0-352 w thick are fine-grained and ;bhé{ain S0 percent or more of the-

_I,-s:;—' Basalt flow member--Uniforuly fine-grained propylitized - “ matic “n‘erﬂ‘

« .

I flous, devoid of fragmented matarials; each 30 m or more | Ongm Medfus-grained, ;r«vnhh-én}" to u'si,t.,u,‘;;.z“"u equigranular
thick, and separsted by thin 1ithified soil(?)" zones. . rock chat forms cove and-largest pice of Nebuiypore
250~300 = thick . platon; rangea compositionally from quartz monzonite %a

—— agichsrn outcrops to dhfie A;ranodx,otin ig norzhor;

DSaa ’ Fioe-grained andesice(?) menber--Thoroughly propylitized, . 3 .
exposures. Hormblende msy occur ia equal proportions to

vézy fine grained, olive te olive-brown rock; part . .. . )
: , blofite in the more rafic phases. Reddish-broim sphane
conspicuously to vaguely laminated, part massive and : . -
. 5. . LLan b by e
cocitonly appazent to unaided . Ubiquic 1
azygdaloidal(?). 275(?) m thick 7 apparen e quicous pyrice is
cause of rust-stainéd outcrops
m———— . . . . . X )
Dsat ©  Rhyolite tuff mocher—Flinty yellow-brosm to brovmish-gray —— o . i ;
. ) Oa Potphyritic granodiotice--Ia, similar to the least mafi. ¢
vitroclastic rock, studded with darker fragments thac are ’ Y ¢ . ) . Hite pares
2z th 0 onq xé
falced fa texturs. 6 a chick ) [} .: e core rock, Onqm, ckéept thac brthoclase is ':onfined_'
[ _ alwoet vholly to phenocryscs, which ate as much as § by 9 cm
DSa Newbury Complex undivided, vhére completely covered by in dimensicus, znd hornbleénde. is tnti;;ly absent. Lically,
unconsolidated materials ’ tvo of more scts of thin 1va.£:¢ dikes iﬁundan:;y rib the
) porphyricie granadiorite
qm PINK QUARTZ MONZONITE (MIDDLE? PALE0OZOIC)--Pinkish-gray co )
) Orh Cretnt.!;,-black..udiwgraix}cd hornblendic segregstion, in

. geayish-orange-plnk, rusty-veathering, nediuoe— td coarse-

grataed seriate-cextured Tock, charactarized by grayish-~ vhlch”hoé“endc"pléé biétite compose 45 to 75 percent of

orange=pink translucent pér:‘ht:ic suicrocline of very the rock 'gnd orthoclane plus sericitized plngtoclu"e';—s:niu

irregular outline, clear gray quartz, and cinurte (<1 om) variadle in their ytoporuéhq-'-.ﬁai-e up sosg of the
ragged flakes of brighe bictite. Quartz snd ailky vhite remaindur. Spheng is ublquitous
oligoelase eich compose about one-third of the rvock,
microcline somewhat less, -am; biosite adbout S percent.

The characteristic inequigranular texiure varies vich size
8¢ the zicroclire grains; es these progressively increase ) -
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MERRIMACK GROUT (PRE-MIDDLE OF{IVLCIAN)--Massive-splitting to
very friable medfum-l{:ht-gray to dark-gray phyllites, which

range cocposicionally from those almost wholly of muscovite

T

—~""and quartz to thoss {n which tha domfnant minerals--othcr

than quartz--are biotize ard/or carbonace; alhite {a a
cooatituent of some., Pyrite is aparse to abundact. The
nonfrisble rocks weather pale brown to dark yellowish

orangé, and {n all the phyllites rust-eacrustad jofar and

. fracture surfaces are characteriscic

. .
Metasandsiones ig Seabrook--Cray, micaceous quariz~feldapar
:echlctu (metamorphosed feldapathic sandstone in which
¢ompoaitional layering is rclic:).’ locally includes

'_ltlliwitq. Spl:;ely pyritic but very rusty wveathering
o

Amphibolite at mouth of Merrimack River--Massive dark-gray to

olive-black very flne grained, pyricic acphibolite (mecabasalc?).

?olia:ion poorly developed. Rock is composed mostly of

hornblende and derived chlorite and fncludes liccle plagloclase;

some with 10 p:ércen: or more of plagfoclase also contains
inclusion riddled oligoclase(?) lacha suggestive of relict

micropheaocrysts. Distribution shown is wholly speculative

METAMORPHIC R(‘CKS ENCULFED IN SHARPNERS 20D D,I{)RITE (PALZ0ZOIC?
OR PRECA!&BRIJ\N‘.’)--Masvac-hyeud rocks ra.ngiv.;n.g_ from fine-
gralned amphibolites to coarse-grained f;ldsp.:‘t.}‘z:tc gneisses.
In many places distinguished oaly with difti':ulty from the
diorites pervasively intrusive into them. Locally includes

calcesilicate or fine-grained marble lensas and pyritic

tornfels derived, respectively, from argillaceous or

cherty dolomites and anaerobic muds; thia qu-rézite lenses

_ are sparse

TOPSSTELD CRA.'-’ODIOR&E (PRECAMBRIAN?)=~Med{um~ to cosrse-grained
granodiorite, composed of grayish-orange-pink feldspar,
cranslucsot light-gray quartz, grayish-yellow-green
epidote and dark-greenish-gray to greenish-black aggregates
of chlorite and ezidote. In this area the Topsfield rarely

lacks folfation chat is a consequence of wvidespread: -
cataclasis. This foua:ion‘ 1s defined by lenticular

- aggregates of quartz, which wich the conspicuously orangish

and more nearly equignensional feldspar grains, appear in
contrast to the uu{y to 1i;egular1y splotchy greeniah

- matrix, 'dacrkly tinced by the matic minerals. The lacter,

- 'elttrcd‘presmbly from homblende and btotit'c, atre sparse

1n thin seccion, and are megascopically apparent out
of .proportion to their volume, In llczlc-fo_l‘ia:ed rock
leafy chlorite speckles freshly broken surfaces buc may be

inconspicuous on weathered surfaces. In che foliated

granodiorite potassium feldspar is almost everywhere absent,

" epparently obliterated by cacaclasis; though fractured
and coemonly thoroughly sericitized the plegioclase shovs
‘the least obliteration of originsl grain outlines.

localities a bluish case :y{:uua the quartz leases, which

are notably coarser than the plagioclase reuc:s‘; ¢urchermore

the quartz content 1s generally too high--locally in excess

" of 40 ptkcen&-—:o be representative of the ori;inal

plutonic rock

In many

YA SYOLS

~————— Contac2--Dashed vhere approximatcly locaced; qhurt dashed whe:

inferred beacath extensive cover or poorly defleed in zoae

of intrusion breccia

=——=——TFault-~Dashed vhere approximstcly locsted; short dashud where

~X

interred

Strike and dip of beds (and of flow-banding in levas)--Ball

indicates tops known from sedimentsry structurtes
Iaclined
Vertical
Gvavrurned
Strike snd dip of jolata
Iaclined
Vertical

Strike and dip of fol!ationv-‘where shown in sd and gm is on

xenoliths of ag too snall to depict on map

Inclined

Vergical

Strike sad dip of pvimacy foltation in ﬁlutohic rocks~~Shown
oanly in Newburyport Quartz Diorite; defined mainly by
mafic inclusions; some symbols fn Onp reflect aligned

rhenocrysts
Inclined
Vercical
Scrike and dip of shear zone
Inclined

Vertical

Strike and dip of veins——osc £illings are quaztz or calcite:

a fev include sulfides
Im:lined:

Vertical

Prospect pits and ahandoned mines

Note: Iatersection of cocbined sychols {s at point of observ:

Bedrock exposures—Solid color indicates individual outcrops.
RPuled pactern {indicates areas uher; surficial deposies ac
mostly less than 2 m thick--iodividual outcrons, commonly

. numerous, are not everywhere shown. Outcrops shown in

vaterways are exposed st lowest tides
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DUSCRIPTION OF MAP UNITS

~

K] .' TEAP DIKIS (TRIASSIC?)==Dark-gray to dack-greenish gray, fine

~——

Diaf

I

DSap

DSar !
¥

2Snd |

—_
DSad

iy

DSnt

DSa

qm

groined mafic toc‘n;s,‘ rmostly {n dikca too small o be
shown except by symbol. Principal varfiety is aliered

olivine diabase, subophitic to intergranular in lexcure.
In a luss abundant varicty the prilmary mafic mineral is

hornblende., Pyrite spsrse to abundant

EWBURY VOLCANIC COMPLIX (DEVONIAN? AND SILURIAN)

Micrographlc rhyolite intrusions--Brownish-gray te orange-
pisk, aphanitic to sugary-textured massivs felsite,
]
characterized by micrographic and spherulitic intergrovthss

spherulites megascopically visible in some outcrops

Porphyritic aadeéite" member--Propylitized grayish-green to
dark grsy andesite, typified by plagloclase phenocrysts.
Nonstratified volcaniclastic layers, ranging fron fine-
grained tuffs to boulder b::ecciu.. are nuch more volumincus
than intucnl.nted ‘flovs; stratified graywacke 15 subordinats.
Sparsely fossilifcrous. Conglomerats containing rhyolite

pebbles derived from DSar shown by line of dots. 1,650 m

thick

Flow-banded thyl\lltcvvitzophyra member—-Dense, lithoidal
vitrophrre, mostly grayish rad and conspicuously lominsted;
large parts not. porphyritic; includes sparss lenses of
viteric tuff; locally basal 120 m is pumiceous tuff. 580

670 m thick

Basalt(?) meaber-~Dense, tough, dark grav, structureless rock.

0-90 m thick

Vitric rhyolite lapilli tuff member—Grayish-grsea, friable,
backly fracturing ctuff, in which flattened pumics fragments

sre abundant in shard~rich matrix. 0-52 m thick

Basalt flow member—Uniformly fine-grainsd propylitized.
flows, devoid of fragmsntsd materials; each 30 m or more
thick, and separated by thin iithiffed sofl(?) zones.

250~300 m thick

Fine-grained andesice(?) inbo:—-'lthoroughly propylitized,
very fine gnine'd. olive to ollveit;:m rock; part
conspicuously to vaguely laminatsd, part massive and
mygdlloidll(-?). 275(7) o thick

Rhyolite tuff mecher—Flinty yellow-brown to browvmish-gray
vitroclastic rock, studded with darker fragments that are

felted in texture. &+ m thick

Newbury Complex undivided, where conpletsly covered by

umconsolidated nacerisls

PINK QUARTZ MONZONITE (MIDDLE? PALE(’ZO.!C)—Pinktah~grl;' to

. grayish-orange-pink, rusty-wcathering, medius— to coarse-
grained serlate-textured -ock, charazterized by grayish-
orange-pink translucent perthitic microcline of very
irregular outline, clear gray Guartz, and cinute (<1 am)
ragged flakes of brighe biotite. Quartz and milky whics

oligoclase each compose about one-third of the rock,

microcline somewhat less, Vunc‘l biocite abour 5 percent.

The characteristic fnequigranular texiure variea wvith size

of the mlicroclire groins; as these progressively increase

in size the textuve becomes, first, mubtly porphyritic,
then obviouuly porphyricic with phenocrysts as much as

20 sm in leasth. Phases @most tearly equigranulac are

domfuant und are tostly quartz oonzouite; the distinctly

porphyritic phaics are prascdiorite.  Contumfunted phases,

found especially fn bord-r zeaes wiere intruslon hreecclas

with dingdtie watl rocks were forrad, lack the ploakl:h

sd

Onge

Qap

Onh

tint, are medium- to flnc-grained, and include both
hornblende and biceite, beth--{n contrast to biotlic of
the norpal rock--dulled by chloritizatfou. where ghosted
outlines of xenoliths are not apparent the more rific parts
of these contaminated zones, in places tena nf metres in

width, arc difficulet to discinguish-from the.lighter-colored,

coarser parts of the Sharprers Pond Diorits

SIL\RPNERS POND DIORITE (MIDDLE? PALEOZOIC)--7Fine~-grained,

i

medium=- to dark-gray, biotite-hornblende divrite; a chin
grayish~ofange-pink weathering rind characterizes many
ouzcrops. Quartz content quite vatiable: quarzes is
rarely atsent, coumonly is 2-8 psrcent, and in somc arcas
very locally exceeds 13 pcrcent. Where diorite occurs as
intrusion brecciss in combination with meumorphi.; hc:uc
rocks, it may be lighter ia color than us\ual and is
streaked with fcldspathic veins or appsars follated-—owing
either to flow-bonding or to relict foliation of pnriially
assimilated schists. Thess breccias may be difficulty
distinguishable from the "nonfoliated"--ss opposed to

“streaked"——1ight-colored breccias formed where the diorize

" -vas in turn intlated by pink quartz monzouite

-

Pink .q;uttz monzonite ‘and Shagpners Pond Diorits undivided,

vhere completely covered by unconsolidated materials

NIWBURYPORT QUARTZ DIORITE' (MIDDLE ORDOVICIAN)—~Formation {s

characterized by saussuritized andesine as conepicu&m,
blocky crystals, thick books of chloritized biotite chac
are in part obviously euhsdral, pink to green mottling oa
weathered surfacss, aad ovoid inclusiona that sre
mineralogicelly and texturally similar to the héet but
are fine-grained and coatain 50 percent or ‘more of the

I

mafic zinerals

Medium—grained, gteeuhh-iny to light-olive-green equigranular
rock that forms core and largest plrt'}t’ Newburypozt
pluton; ranges compositionally from quartz monzonite ia
southern outcrops to mafic granodiorite in northemrn
exposures. Hornblende may occur in equal proportions to
blotite in the more ltufic phases. Reddish-brown sphane
commonly spparent to unaided eye. Ubiquitous pyrite {a

cause of rust-stained outcrops B

Porphyritic granodiotite—Is similar to the lcast mafic parts
of the corle”r;ck, Oaqm, except that orthoclase is confined
almoct vhoily to phenocrysts, which are &s much a8 6 by $ om
in dimensicus, and hornblende is en:i.rely absent. locally,
two or more scts of ‘thin aplite dikes abundaatly rib the

porphyritic granodiorite

(]
Creeniah-black, medium-grained hornblendic scgregation, in
which horrblende plus biottite compose 45 to 75 percent of

the rock and orthoclase plus sericitized plagioclase—culte *
variable in theis proportions-—-make up most of the

remaindur. Sphene is uif{quitous

.
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